I n all industrialized countries, blindness and visual impairment are assumed to be on the rise, as it is largely a problem of old age and populations in industrialized countries, including Germany, are ageing rapidly. 1 In Germany, no data on visual impairment and blindness generated by large epidemiologic studies are available. All published incidence or prevalence rates for various causes of visual impairment in Germany to date are based on the analysis of data collected by social welfare institutions responsible for the distribution of allowances granted on the basis of the presence of visual impairment or data collected by insurance companies. 2, 3 Visual impairment is assumed to amount to 80,000 to 500,000 blind and 215,000 to 1,000,000 visually impaired persons in Germany. 2 The large variation in the estimated numbers results from differing definitions of blindness and visual impairment, as well as varying data sources and reference populations.
Previously reported incidence rates are based on a collection of data from social welfare agencies in the districts of Württemberg-Hohenzollern, 3, 4 which is part of the federal state of Baden-Württemberg, and Hessia, 5 and were published more than 5 and 10 years ago. The state of Northrhine-Westfalia (NRW) which borders the Netherlands, Belgium, and France and is located in the center of Germany, is the most populous federal state. The agencies responsible for the distribution of the allowance for the blind are the largest welfare institutions of their kind. Thus, we analyzed the data collected by the Landschaftsverband Rheinland (LVR), the social welfare institution responsible for the allocation and distribution of allowances to the blind and visually impaired in Northrhine, one of the two administrative districts of the state of NRW. To be able not only to project the future development of blindness and visual impairment in Germany but also to enable health services to be planned accordingly, incidence rates and projections of their future changes are key. Thus, we calculated current incidence rates and projected them to 2030.
METHODS
The two welfare institutions responsible for the collection of data regarding disability due to blindness or visual impairment are the Blindengeldstellen, which assess eligibility for blind allowances and subsequently distributes the allowance, and the Versorgungsämter, which issues other allowances (exemption from fees for public transport and tax relief) based on any disability that is in accordance with legally specified requirements. Only the Blindengeldstellen record is based on a basic ophthalmic examination that is required for every application. However, data are not recorded centrally at a national level, but only on a state or substate level, and the data are not used for anything else but the assessment of the individual application.
The Sample
The definition of blindness and visual impairment as laid down by German law is strict in comparison to the definitions of the World Health Organization (WHO) or other countries. Blind is defined according to German regulations as a best corrected visual acuity of 20/1000 or less in the better eye or a visual field restriction to no more than the central 5°. Severe visual impairment is defined as a visual acuity of not more than 20/400 in the better eye or a restriction of the visual field to the central 10°. 2 Persons in these two categories qualify for the allowance after review of an application including medical and ophthalmic reports by the LVR. As these definitions are well below the cutoff of common definitions of blindness (20/400 for example is the cutoff used by the WHO to define blindness), we felt it justified combining blindness and severe visual impairment in all our analyses and will always refer to blindness and severe visual impairment in the following. For an individual to be granted the blind allowance, the condition has to be assessed by an ophthalmologist as permanent or unlikely to ever improve to levels of meaningful functional vision. Data extracted from files included date of registration and sociodemographic, medical, and ophthalmic findings.
Based on German law, most of the blind and severely visually impaired are entitled to a substantial allowance (ϳ400 €/mo for blind and ϳ100 €/mo for severely visually impaired persons). As the allowance is independent of other sources of income, it can be assumed that most eligible persons apply for it and thus are registered with the respective welfare institution. 6 The results presented in this study are based on a large representative sample of the archives at the blind registry of the LVR in Northrhine, Germany, including the newly blind registered between 2000 and 2008.
All blind and severely visually impaired persons living in the defined geographic area of Northrhine would have to apply to the LVR to be assessed for their eligibility to receive blind allowance. Thus, records for the reference area can be assumed to be close to complete, as the blind allowance provides a unique incentive for registration, unlike findings from the United Kingdom, for example, where registration does not imply a direct financial incentive. 7, 8 The study had to rely on the data collected by the LVR and maintained in their archives, with no option to verify stated diagnoses or complete missing information. However, as reports submitted with each application have to be based on an ophthalmic examination, the level of accuracy can be assumed to be high. It is unknown how many persons who qualify for the blind allowance did not apply. As the allowance is substantial in comparison to other welfare allowances, rates have been reported to be very high. 3, 4 All applications are based on the same form, which is submitted to and archived at the LVR. One part of the form captures sociodemographic data, another part pertains to the financial status of the applicant, and a third part has to be completed by an ophthalmologist. This part contains information about visual acuity (monocular and binocular, best corrected), visual fields (optional), ocular history, ocular findings, main cause of vision loss, concurrent ocular disease, relation of main cause of blindness to trauma (yes/no) or war time injuries (yes/no), permanency of vision loss (yes/no). Data extracted from files included date of registration and sociodemographic, medical, and oph-thalmic findings. In cases in which more than one main cause of vision loss was stated, the main cause was determined after review by two ophthalmologists. In cases in which no agreement could be achieved, the main cause of blindness was recorded as "missing" (summarized as missing, under Causes of Blindness and Severe VI in Table 1 ; n ϭ 147, 4.4%). Glaucoma includes all types of glaucoma, irrespective of age of onset or etiology. Diabetic eye disease includes diabetic retinopathy as well as diabetic maculopathy for both type I and type II diabetics. Retinal dystrophies include macular and generalized retinal dystrophies. Others include several different diagnoses, which could not be summarized into other diagnostic categories (e.g., cerebral disease, malformations, uveitis, retinopathy of prematurity [ROP] and trauma). All parts are mandatory except the last part completed by the ophthalmologist, which does not need to be submitted if the applicant has already been registered as blind by another welfare agency (summarized as missing, under Causes of Blindness and Severe VI in Table 1 ; n ϭ 188, 5.7%).
The database maintained at the LVR contained 15,725 blind and 4,640 severely visually impaired individuals as of December 2006 who received the allocated blind allowance at that time. All persons who move out of the area that is administered by the LVR or persons who die are removed from the register at the end of each calendar year, as it is linked to all regional registries. Information about these cases is retained by the LVR in their archive records. The population catchment of the LVR was 9,599,350 as of December 2006, which is the reference population for this study. All cases are identified by main and minor case numbers. Main case numbers are used for filing cases in main groups and are assigned from 1 to 100. Minor case numbers are assigned based on date of birth, sex, and initials. Every new case is assigned a main file number out of the 100 possible main file groups in ascending order with every 101st case restarting with 1. Thus 25 main case numbers were sampled by manual randomization (drawing 25 out of 100 numbers), and data were extracted from all files in the respective main case block, allowing for a randomized selection of a representative sample of available files ( Supplementary Fig.  S1 , http://www.iovs.org/lookup/suppl/doi:10.1167/iovs.10-6987/-/ DCSupplemental). A representative sample of 5100 cases out of all persons currently receiving the blind allowance and registered with Data are reported as n (% of the total group), if not otherwise stated. Discrepancies arise in numbers between the total sample and the subgroups by gender as 217 cases were missing data on the sex of the person. VI, visual impairment; AMD, age-related macular degeneration; DED, diabetic eye diseases; RD, retinal dystrophies.
the LVR was recorded, consisting of one fourth of main case file numbers of the LVR archive. Of these, 3328 were newly registered between 2000 and 2008.
Statistical Analysis
Visual acuity was converted into logMAR for statistical purposes. Semiquantitative values such as hand movement and counting fingers were converted to logMAR 2 for counting fingers (CF), 2.3 for hand movement (HM), 2.7 for light projection (LP), and 3 for no light projection (NLP) as suggested by Schulze-Bonsel et al. 9 and Bach et al. 10 A total of 3328 data sets were included into the final analysis. Several data sets were excluded, as they pertained to the same individual in cases of successive applications or in cases of an insufficient degree of completeness of the data provided in the application. 
Calculation of Incidence Rates
Data from the reference population of the defined geographic area administered by the LVR were stratified by age and sex and were used to calculate current incidence rates for Northrhine. Data available from the federal agency for statistics (Statistisches Bundesamt) on current characteristics of the German population (age and sex structure) as well as projections for 2010 and 2030 were used as reference population for the standardization of incidence rates obtained. Incidence rates for 2010 were calculated for validation of the estimated incidence rates, as data for 2010 will soon be available and thus make our calculation more robust. Incidence rates were calculated per 100,000 personyears (PY) of observation. The rates were calculated for all causes of blindness together and separately, per specified cause. Only main causes of blindness (one cause per person) were used, to increase precision. To obtain an overall incidence and allow for comparisons, the incidence rates were standardized to the 2008 German population (direct standardization). Projections of the German population for 2010 and 2030 were used to extrapolate incidence rates up to 2030 (direct standardization). Exact 95% confidence intervals (CI) of incidence rates in the age-specific strata were computed assuming a Poisson distribution of the incidence rates. Confidence intervals of standardized incidence rates were calculated using the moment-matching method. 11 In addition, the absolute number of incident cases (c i ) were age-stratified, using the calculated incident rates (IRs) for the population of Northrhine as well as the whole of Germany as follows: c i ϭ IR ⅐ n i ⅐ 100,000 Ϫ1 , where n i is the population of Northrhine or Germany in 2008, 2010, or 2030 (all analyses by SAS Statistical Software, ver. 9.2; SAS Inc, Cary, NC).
RESULTS
The sample's demographic characteristics are depicted in Table 1 . The mean age was 75 years, with a large proportion of newly registered being female (67.5%). The total amount of incident cases of blindness and visual impairment was 11.10 per 100,000 PY. The largest amount of new registrations for blind allowance in the state of Northrhine between 2000 and 2008 was due to age-related macular degeneration (AMD; 5.56/100,000 PY), followed by glaucoma (1.65/ 100,000 PY) and diabetic eye disease (DED; 1.16/100,000 PY; Table 2 ; Fig. 1 ). Retinal and macular dystrophies (RD) and high myopia were the causes in similar proportions of incident cases (0.51 and 0.44/100,000 PY). Causes of blindness and severe visual impairment classified as "others" led to 1.56 incident cases per 100,000 PY. The most frequent diagnoses summarized as others were, in descending order, cerebral disease, malformations and colobomas, retinopathia prematurorum (ROP), and uveitis. Stratified by age, the highest number of incident cases was observed to be due to AMD in those aged 80 and over (81.26/100,000 PY), followed glaucoma in the same age group (14.44/100,000 PY), AMD in those aged 60 to 79 years (9.57/100,000 PY), and diabetic eye disease in those aged 80 and over (4.10/ 100,000 PY; Table 2 ). Stratified by sex, a larger number of incident cases were female, for all causes except for RDs. Data reported as incident cases (95% confidence interval); projected population figures n ϫ 1,000.
The difference was most marked for AMD and DED in those aged 60 to 79 years and Ն80 years ( Table 2) .
Projecting incidence rates for the whole of Germany from 2010 to 2030, incidence rates for all causes except macular and retinal dystrophies (RD) increased over these 20 years, with AMD leading to an overall IR of blindness and severe visual impairment of 9.51 in 100,000 PY in 2030, followed by glaucoma with an IR of 2.4 in 100,000 PY and DED with an IR of 1.58 in 100,000 PY (Table 3 ; Fig. 2 ). Stratifying these projections by age groups and calculating incident cases based on the projected German population for 2010 and 2030, a total of 10,108 newly incident cases of blindness and severe visual impairment are expected for 2010 ( Table 4 ). The number rises by approximately a quarter, to 12,941 newly incident cases in 2030 (Table 3 ; Fig. 3 ). Because of the ageing population, incident cases in the age groups below 40 and 40 to 59 years declined slightly, with a marked increase in incident cases between 2010 and 2030 being found in the age groups 60 to 79 years and 80 years and older ( Table 3) . Cases due to AMD were calculated to rise from 5,285 to 7,340, constituting the largest proportion of newly incident cases. The increase is particularly large in the age group Ն80 years (3,484 -5,109) , constituting 61% of the total increase of incident cases from 2010 to 2030.
In 2030, the female population will exceed the male population by approximately 4 million, of whom more than 2 million will be Ն80 years. Among this population, the incidence rates of AMD, glaucoma, and DED will be more than four times higher than in their male counterparts for AMD and DED and more than twice for glaucoma ( Table 3 ). In total, the incidence of severe visual impairment and blindness in women will be more than twice as high than that in men in 2030 (9,187 vs. 3,716) , which is an increase of approximately 32% in the incidence of blindness in women compared to 2010 (from 6,975 to 9,187) whereas the incidence in men is expected to increase much less over the next 20 years (3,106 to 3,716; ϩ20%).
DISCUSSION
The main finding of our study is a further increase in blind and severely visually impaired persons in Germany until 2030, affecting many more elderly women than men. AMD will remain the main cause of blindness and severe visual impair-ment. This prediction calls for early adequate health care planning, including preventative measures with a focus on elderly women who often are widowed and live by themselves. 12 In comparison to other studies based on data from Germany, incidence rates calculated for southern Germany based on data from 1990 to 1998 were much higher. 4 However, these data were reviewed based on the 1994 to 1998 data, and the calculated incidence rates declined and compare well with our data (12.27 per 100,000 PYs for the total sample; 5.29 AMD, 2.86 optic atrophy, 2.43 glaucoma and 2.13 diabetic eye disease). 3 The higher incidence of blindness in women, as well as the widening of this gap with age, is another finding in keeping with other studies, 13 along with the main causes of blindness and severe visual impairment. 5 Compared with the IRs based on the national blind register of Israel (0.037% for all causes), 14 IRs calculated for Northrhine are lower, based on the stricter definition of blindness and severe visual impairment applied by the German government. Major causes of blindness were the same. Our data compare well with prevalence and/or incidence rates reported from major population-based cohort studies. [15] [16] [17] [18] However, direct comparisons are difficult, as mostly an older age group was followed up in these studies and the results were reported as cumulative incidence over 5-to 15-year time intervals.
Blindness due to AMD and diabetic eye disease may decrease, as anti-VEGF therapy is now readily available, 19 -21 leading possibly to a shift from registered blindness to severe visual impairment in the coming years. This may lead to even a larger proportion of elderly persons with severe visual impairment and thus poor visual functioning living in the community, 22 who should be considered when planning services.
Projections of blindness and severe visual impairment for Germany, 23 as well as other western, mainly Caucasian, countries such as Australia, 24 show a steep increase until 2030, with a widening gap between men and women that increases with age. Projections for Australia show a fourfold risk of severe visual impairment for women aged 50 and older compared with that for men, 24 a finding well in keeping with our data. Projections for vision-threatening diabetic retinopathy for the United States for 2050 predict a threefold increase, mostly in persons aged 65 and older. 25 Based on our data, IRs for blinding diabetic eye disease are expected to increase by 20% until 2030. The increase will be mostly in those aged over 60. A strength of this study is the long-term data on blindness and severe visual impairment available for a defined geographic region. Limitations of our data are based on the study's being a register analysis. However, the data are derived from a representative sample of Germany's largest blind register in Northrhine. The substantial blind allowance provided in Germany creates a unique incentive for registration, and all blind and severely visually impaired persons living in the defined geographic area of Northrhine have to apply to the LVR to be assessed for their eligibility for the blind allowance. Thus, records for the reference area can be assumed to be close to complete, unlike findings from for example the UK where registration does not imply a direct financial incentive. 7, 8 It is unknown how many persons who would qualify for the blind allowance did not apply. As the allowance is quite substantial in comparison to other welfare allowances, rates have been reported to be very high. 3, 4 Other studies have shown that data gathered from social welfare registers are of high quality and are representative of the respective populations. 26 -28 Our study had to rely on the data collected by the LVR and maintained in their archives, with no option to verify stated diagnoses or complete missing information. As reports submitted with each application include an ophthalmic examination and are assessed by a second ophthalmologist at the LVR, the level of accuracy can be expected to be high. Persons who die or migrate are removed from the register on an annual basis, and, with only basic information retained in the register database and individual files no longer kept in the archive, these cases are only part of the overall incidence calculations. However, the attrition due to death can be expected not to change significantly over time. Moreover, migration is likely to be very limited in severely visually impaired and blind persons, especially the elderly. Thus, we feel that these factors do not significantly confound our results.
The definition of blindness according to which the LVR assesses eligibility for the blind allowance differs from commonly used international definitions of blindness (e.g., WHO's definition) in that it is much more strict (detailed in the Methods section). 1 Thus, the number of blind and severely visually impaired persons can be expected to be considerably higher applying WHO's definition of blindness and visual impairment.
The much higher number of blind compared with severely visually impaired persons in our sample is most likely due to a system bias (definition of "severe vision impairment" with a very limited span), and future studies are needed to clarify the real proportion of moderately and severely visually impaired persons. The observed discrepancy will not be found in population-based studies or clinical samples anywhere in Germany and is an additional reason, why blindness and severe visual impairment were analyzed together.
The age and sex distribution of the population living in the LVR catchment area is similar to that in the rest of Germany (for statistics for all of Germany ,see Ref. 29) , with an almost equal proportion of males and females up to the age of 60, above which the proportion of women increases. 12, 29 In the LVR catchment area, 10.8% of people are non-German citizens (at the end of 2004 30 ), being similar to the average for Germany (8.8% 31 ). The ethnicity of the population in this region is very similar to that in the rest of Germany, where most citizens are Caucasian. However, a systematic census of ethnicity in Germany is not available. The extrapolation to 2030 for the whole country as well as the number calculated for Northrhine should be interpreted with caution. Also, only demographic data and projections were factored in, whereas potential new therapies and preventative measures that may become available within the next two decades cannot be taken into account. However, as incidence data are very difficult to gather, we felt justified in using the data available through Germany's largest blind register to investigate time trends regarding blindness and severe visual impairment in Germany.
In conclusion, the projected dramatic increase in blindness and severe visual impairment until 2030 will lead to a substantial increase in the need for medical service provision, social service provision, and financial resources available. Health care planners should take the preponderance of visually impaired elderly women into account when planning future services tailored to this group. In the absence of population-based data generated by large epidemiologic studies, the data presented are the sole basis available for health care planning in Germany.
